In this paper probability density function of single concomitant and joint probability density function of two concomitants of dual generalized order statistics from bivariate Burr III distribution are obtained and expressions for single and product moments are derived. Further, results are deduced for the order statistics and lower record values.
Introduction
The probability density function (pd f ) of bivariate Burr III distribution [Rodriguez, 1982] is given as f (x, y) = c (c + 1)
x, y > 0, k 1 , k 2 , c, α 1 , α 2 > 0 (1.1) and the corresponding distribution function (d f ) is
The conditional pd f of Y given X is f (y|x) = (c + 1) α 2 k 2 y −( k 2 +1) (1 + α 1 x −k 1 ) (c+1) (1 + α 1 x −k 1 + α 2 y −k 2 ) (c+2) , y > 0. (1. 3)
The marginal pd f of X is
(1.4)
The marginal d f of X is Order statistics, record values and several other model of ordered random variables can be viewed as special case of generalized order statistics (gos) [Kamps, 1995] . Burkschat (2003) introduced the concept of dual generalized order statistics (dgos) to enable a common approach to descending ordered rv's like reverse order statistics and lower record values.
Let X be a continuous random variables with d f F(x) and the pd f f (x), x ∈ (α, β ). Further, Let n ∈ N, k ≥ 1,m = (m 1 , m 2 , ..., m n _ 1 ) ∈ ℜ n−1 , M r = ∑ n−1 j=r m j such that γ r = k + (n − r) + M r ≥ 1 for all r ∈ 1, 2, ..., n − 1. Then X d (r, n,m, k) r = 1, 2, ..., n are called dgos if their pd f is given by [Burkschat et al. (2003) ]
on the cone F −1 (1) > x 1 ≥ x 2 ≥ . . . ≥ x n > F −1 (0).
If m i = 0, i = 1, 2, ..., n, k = 1, then X d (r, n, m, k) reduces to the (n − r + 1)th order statistics, X n−r+1:n from the sample X 1 , X 2 , ..., X n and at m = −1, X d (r, n, m, k) reduces to r th, k− lower record values. For more details on order statistics and record values, one may refer to David and Nagaraja (2003) and Ahsanullah (2004) respectively.
In view of (1.6), the pd f of X d (r, n, m, k) is
and joint pd f of X d (r, n, m, k) and
where
.., n, be the n pairs of independent random variables from some bivariate population with distribution function F(x, y). If we arrange the X− variates in descending order as 
and the joint pdf of
For the bivariate Burr III distribution as given in (1.1), the pd f of g [r,n,m,k] (y) in view of (1.3), (1.4), (1.5), (1.7) and (1.9) is given as
(2.1)
is the Gauss hypergeometric series
is the Pochhammer symbol .
Therefore (2.2), becomes
For the bivariate Burr III distribution as given in (1.1), the a − th moment of Y [r,n,m,k] is given as,
Therefore R.H.S. of (3.4) becomes
Now on application of (2.5) and using
in (3.6) and simplifying, we get
We have the generalized Gauss series or the generalized hypergeometric series.
Thus applying (3.9) in (3.8), we have
(3.10)
Now using (3.11) in (3.10), we can write
Using relation (3.9) in (3.12), we get
Noting that [Prudnikov et al., 1986] .
Applying (3.14) in (3.13), we get
where B(a, b) is the complete beta function.
Therefore,
, we get single moment of concomitants of order statistics from bivariate Burr III distribution as;
.
If we replace n − r + 1 by r , then
and at r = n, we get
It may be noted that for the order statistics, the k th moments of
as obtained by (Begum and Khan,1998 ).
Remark 3.2 :
Set m = −1 in (3.12), to get moment of k − th lower record value from bivariate Burr III distribution as; 
where,
where α = (cγ s− j − c), β = (c + 2) and λ = α 2 y
Note that [Prudnikov et al., 1986] .
Now in view of (4.4), (4.3) after simplification yields
Now putting the value of I(x 1 , y 2 ) from (4.5) in (4.1), we obtain
(4.6)
, and after simplification we get 
Now after putting the value of λ and δ in (4.8), we have
Noting that [Srivastava and Karlsson, 1985] .
Using relation (4.10) and (4.11) in (4.9), it becomes
We have the Kampede Feriet's series [Srivastava and Karlsson, 1985 ]
Therefore after using (4.13), we finally get In view of (4.14) and (5.1), we have where,
Thus,
By Srivastava and Karlsson (1985) , we have
On applying (5.5) in (5.4), we get
Now letting α 2 y
Therefore on using relation (5.9) in (5.10), we have
Now using relation (3.5) in (5.10), we get
Now in view of (3.14), (5.11) becomes
Using relation (4.10) in (5.12), we get
(5.14)
Set z − 1 = 1 t in (5.14), to get
Now using relations (5.16) in (5.15), we get
Finally putting the values of A, d, g and β in (5.17), we have
On using relation (3.17) in (5.19), we get
, r
which after simplification yields
. 
